Five fractions of Clematis flammula, a plant widely used in the Mediterranean traditional medicine, were isolated from the leaves using a selective extraction procedure and their total antioxidant capacity was measured by both the ABTS and ORAC tests. Furthermore, their capacities to inhibit microsomal lipid peroxidation and to scavenge the hydroxyl radical were assessed. The cytotoxic potential of the crude ethanolic extract and the aqueous fraction obtained from chloroform was also evaluated on three human hepatoma cell lines CHL, PLC and HuH7. The results showed a stronger antioxidant capacity for the two aqueous phases obtained from ethyl acetate and chloroform concerning ABTS (7.9 and 10.5 mmoles Trolox eq/g of plant extract, respectively), ORAC (487 and 387 mmoles Trolox eq/g of plant extract, respectively) and hydroxyl radical scavenging activity (IC 50 = 56.5 and 48.4 µg/mL, respectively), compared to their organic counterparts which, however, inhibited microsomal lipid peroxidation more efficiently (IC 50 = 390.7 and 523.5 µg/mL, respectively). The ethanol crude extract exhibited a fairly good cytotoxic potential on the two cell lines CHL and PLC (IC 50 = 58.5 and 47.3 µg/mL, respectively), in contrast to the aqueous phase obtained from chloroform (IC 50 = 457.7 and 304.9 µg/mL, respectively). A positive correlation was also found between the phenol content and the different activities. These results provide experimental support for the therapeutic virtues of Clematis flammula leaf extracts.
INTRODUCTION
Excess reactive oxygen species (ROS) produced as a result of a redox disequilibrium inside the cell are believed to be largely responsible for the development of many diseases mainly chronic inflammations, neurodegenerative disorders, heart disease and cancer (Halliwell and Gutteridge, 1990) . Plants constitute a natural source of a diverse array of antioxidant molecules that have the potential to eliminate or neutralize the deleterious ROS (Shahidi and Naczk, 2004) . A recent surge in scientific research was directed to validate the use of medicinal plants and attempt to identify novel molecules of natural origin. Most of these turned out to be *Corresponding author. E-mail: djatmani@yahoo.com. Tel: 0021334214513. Fax: 0021334214762. phenols, a class of secondary metabolites, with strong antioxidant activities (Rice-Evans et al., 1997) , including strong ROS scavenging capacities and inhibition of free radical producing enzymes . In many cases, their antioxidant properties have outperformed synthetic antioxidants such as butylated hygroxyanisole (BHA) which is suspected of being toxic and even carcinogenic (Wichi, 1988) . Moreover, polyphenolic compounds are believed to have chemopreventive and suppressive activities against cancer cells by inhibiting many metabolic enzymes involved in the activation of potential carcinogens or arresting the cell cycle (Newman et al., 2002) . The leaves of C. flammula, commonly found in the Mediterranean region, are used in Spain (Rivera and De Castrom, 1993) , Italy (Guarino et al., 2008) and Turkey (Yesilada and Kupeli, 2007) Algeria (Beloued, 1998) for medicinal purposes. According to epidemiological studies, infusions prepared from dried leaves are used to treat many ailments specifically arthritis, superficial burns and even cancer. Moreover, whole leaves are used as an insect repellent against deterioration of stored wheat. Recently, we reported the antioxidant potential of C. flammula leaf extracts using diphenyl picryl hydrazil (DPPH) and hydrogen peroxide (H 2 O 2 ) scavenging activity tests and inhibition of linoleic acid peroxidation . However, except for a preliminary study (Yesilada et al., 1997) , the anti-cancer activity of this plant has not been tested. Therefore, our main objectives were to evaluate and compare (a) total antioxidant capacity of C. flammula fractions by using ABTS and ORAC assays, (b) their inhibition of microsomal lipid peroxidation and hydroxyl scavenging activities and (c) their anti-cancer activity against three different hepatoma cell lines by using the MTT assay. Furthermore, the quantification of phenols has been determined in order to establish a correlation between the content in phenols and the various activities tested.
MATERIALS AND METHODS

Preparation of plant extracts
The leaves of C. flammula (previously identified by Dr. M.S. Benabdelmoumene from the department of botany, where a specimen has been deposited) were collected in June in the forest of Tizi Neftah, Province of Amizour, Department of Bejaia in Northeastern Algeria. The whole plant was dried in an aerated but shaded area and the leaves were ground by an electrical grinder to obtain a powder of 60 µm of diameter. The ethanol extract was obtained by allowing 100 g of powder to macerate in ethanol for 24 h with continuous stirring. After decantation, the powder was separated from the corresponding ethanol extract which was left to dry at room temperature. Half of this crude extract was put in a mixture of chloroform and water (1:3:1, w/v/v) the other half in a mixture of ethyl acetate and water (1:3:1, w/v/v). Twenty four hours later, the organic phases were separated from the aqueous phases and dried gently to produce two aqueous and two organic fractions, as shown in Figure 1 . The obtained crude ethanol extract (1) and the four subsequent fractions: ethyl acetate (2), aqueous of ethyl acetate (3), chloroform (4) and aqueous of chloroform (5) were tested separately.
ABTS test
The total antioxidant activity of the different fractions was measured by assessing their scavenging activity against the monocation radical ABTS .+ (2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) which is expressed as trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid) equivalent antioxidant capacity (TEAC). The ABTS .+ radical solution was prepared as described by Re et al. (1999) . One mL of this solution (adjusted to have an absorbance of 0.7 (+0.01 at 734 nm) was subsequently added to 10 µL of sample at different concentrations (50, 100, 200 and 400 µg/mL) at 30°C and for 12.5 min. The decolourization of ABTS .+ measured by a spectrophotometer (Uvikon 943) is a result of its reduction by hydrogen atoms given by the sample. TEAC was determined using the standard curve (R 2 = 0.99) of Trolox and expressed as mmoles Trolox equivalents per gram of fraction weight.
Oxygen radical absorbance capacity (ORAC) assay
The ORAC assay was performed according to the method described by Huang and his colleagues (Huang et al., 2002 
Hydroxyl radical scavenging activity
The scavenging activity of C. flammula fractions and caffeic acid on hydroxyl radical was measured by the deoxyribose assay according to Halliwell et al. (1987) with some modifications. The reaction mixture containing 1750 µL of phosphate buffer (pH 7.4), 200 µL of sample, 50 uL of each of 2-deoxy-2-ribose (80 mM) dissolved in buffer, EDTA (4 mM), FeCl3 (4 mM), H2O2 (20 mM) and ascorbic acid (4 mM), was vortexed and allowed to incubate for one hour at 37°C. One mL of 2% trichloroacetic acid (TCA) was then added followed by 1 mL of 1% thiobarbituric acid (TBA) and the tubes were allowed to stand in a boiling bath for 15 min. After cooling, the pink chromogen revealing the formation of thiobarbituric reactive substances (TBARS) was read at 532 nm (Specord 50). The percentage hydroxyl scavenging activity was calculated according to the following formula:
where Ac and At represent absorbance of the control and test solutions, respectively.
Inhibition of microsomal lipid peroxidation
The liver of male Sprague-Dawley rats (180 to 200 g) was cut into small pieces of about 2 g and then homogenised in 6 mL of 10 mM Tris-HCl buffer, 250 mM sucrose, 1 mM EDTA, pH 7.4 buffer solution (buffer A). The homogenate obtained was subsequently centrifuged at 1000 x g for 10 min at 4°C. The pellet was resuspended in 4 mL of buffer A and centrifuged twice at 1000 x g for 10 min at 4°C of which the resulting supernatants were centrifuged at 22,000 x g for 10 min at 4°C. Finally, the supernatant gathered was subjected to ultracentrifugation at 105000xg for 60 min at 4°C in a Centrikon T-2070 ultracentrifuge (Kontron). The pellet was immediately resuspended in 150 mM Tris-HCl pH 8.0 buffer and further centrifuged at 105,000 x g for 60 min at 4°C. The pellet obtained is the microsomal fraction which was immediately resuspended in 150 mM tris-HCl pH 7.4 and stored at -80°C until use. The microsomal proteins were quantified using the Bradford method (Bradford, 1976) .
The inhibition of Fe
2+
-ascorbate-induced microsomal lipid peroxidation by C. flammula fractions was measured according to the method of Fee and Teitelbaum (1972) that uses the formation of TBARS as an index of malondialdehyde (MDA) formation. The different fractions at concentrations ranging from 200 to 1000 µg/mL as well as the standard, caffeic acid (12.5 to 50 µg/mL) were dissolved in 150 mM Tris-HCl buffer, pH 7.4. 25 µL of the sample solution was then mixed with 725 µL of the same buffer followed by the addition of 50 µL of microsomes (8 mg/mL microsomal proteins) and the mixture was preincubated at 37°C for 10 min. Microsomal lipid peroxidation was started by the addition of a 100 µL of a solution containing a mixture of 25 µM FeCl3 and 100 µM ascorbic acid dissolved in 10 mM KH2PO4. The mixture was incubated in a water bath for 10 min at 37°C and the reaction was stopped by the Atmani et al. 591 addition of 50 µL of 100% TCA. Ten minutes later, the tubes were centrifuged at 3,200 x g for 10 min at 4°C. An aliquot of 700 µL of the supernatant was withdrawn and 1.4 mL of 0.67% TBA solution prepared in 5% TCA was added. After heating at 100°C for 15 min, the intensity of the pink chromogen obtained was measured with a spectrophotometer at 535 nm (Uvikon 922).
Cytotoxic activity
Three human hepatoma cell lines (PLC, CHL, and HuH7) were used to assess the anti-cancer activity of the crude extract and fraction 5 which exhibited the best antioxidant activity as well as caffeic acid, used as a standard because of its confirmed anti-tumor activity (Tanaka et al., 1993) , at concentrations ranging from 12.5 to 50 µg/mL. Cells were cultured in fresh Eagle Minimum Essential Medium (EMEM) containing 10% fetal bovine serum (FBS), 1% Lglutamine and 1% penicillin-streptomycin antibiotics. Cells were grown in a humidified incubator set at 5% CO2 (Hera cell 150). The dimethylthiazol diphenyltetrazolium bromide (MTT) colorimetric assay was carried out according to the method of Mosmann (1983) with some modifications. Cells were seeded into 96 well plates with a density of 2000 per well. At 50 to 60% confluency, they were treated with the plant extracts as well as caffeic acid for 48 h after which 100 µL MTT dye was added to each well. The microplates were further incubated for three hours at 37°C after which the supernatant was discarded and cells were then washed with 100 µL of PBS and 100 µL of a solution of dimethyl sulfoxide (DMSO) 10N NaOH (100:1) were added. Only metabolically active cells are capable to convert tetrazolium salt into a blue formazan product, the absorbance of which is measured at 570 nm using an ELISA microplate reader (Biotek Synergy HT). Results are expressed as percentage of control and derived from the mean of eight wells.
Quantification of total phenols
The amount of total phenols in the crude ethanol extract and in the different fractions was measured by using the Folin-Ciocalteu method (Kahkonen et al., 1999) . Briefly, 200 µL of the sample solution was added to 1 mL of Folin-Ciocalteu and 0.8 mL of sodium carbonate (7.5%). After 30 min incubation in the dark, the absorbance was read at 765 nm. Phenol values obtained are expressed as catechin equivalent per gram of fraction weight.
Statistical analyses
Results are expressed as means of two different assays. Statistical analysis was done according to the Anova variance test using Statistica and p<0.05 was considered to be significant. Pearson's correlation was used to determine the relationship between covariates and Origin 7.5 to calculate the IC50 values.
RESULTS AND DISCUSSION
Extraction yields
It has been reported that the efficiency of the extraction depends on many parameters, including the diameter of the powder and the volume and type of the solvents used (Escribano-Bailon et al., 2003) . Furthermore, multisolvent rather than single-solvent extractions were proven to be more efficient, leading to extracts with (Spigno et al., 2007) . Table 1 clearly shows that the aqueous phase issued from chloroform (5) followed by the crude ethanol extract (1) exhibited the highest extraction yields. This result is in agreement with previous findings that consider ethanol as the most appropriate solvent to extract the maximum amount of phenols (Cowan, 1999) . Percent ethanol crude extract is expressed in g of plant powder. Percent of subsequent fractions is expressed in g of extract per g of the preceding fraction.
ABTS assay
The results summarized in Table 2 indicate that the aqueous fractions especially fraction 5 issued from chloroform extraction showed a significantly higher TEAC value (p<0.5) than that of the organic counterparts (2 and 4); however, the TEAC value of the crude ethanol extract (1) is comparable to that of the aqueous fraction 3 issued from ethyl acetate extraction (p>0.5). Moreover, caffeic acid, being a pure compound, was the most efficient in reducing ABTS .+ , in agreement with previously reported data (Gulçin, 2006) .
Even though the different fractions of C. flammula have previously been tested for their total antioxidant capacity using the DPPH test ), more than one method is necessary to evaluate the antioxidant capacity of a substance or plant extract since the underlying mechanisms can be different for each test (Frankel, 2001) . In fact, we believe it is more relevant to evaluate the TEAC (total equivalent antioxidant capacity) by means of the ABTS cation radical scavenging assay because ABTS .+ trapping revealed to be more specific, being exclusively a hydrogen atom transfer (HAT) mechanism (Tang et al., 2007) . DPPH, on the other hand, is a competition between HAT and sequential proton loss electron transfer (SPLET) mechanisms (Tang et al., 2007) .
As the presence of the hydroxyl groups in a compound enhances its reaction with the ABTS cation radical and therefore the HAT mechanism (Re et al., 1999) , it implies that the highly polar aqueous phase of chloroform (5) may contain a substantial amount of compounds with hydroxyl groups. Considering the high antioxidant potential obtained in previous experiments by the same fraction of C. flammula and other plants tested, Pistacia lentiscus and Fraxinus angustifolia, using the DPPH test , it can be inferred that chloroform may be the most efficient solvent in the extraction procedure. In light of these results, it can be concluded that C. flammula fractions are considered to have a relatively high anti-radical activity regarding the ABTS assay when compared to other plant extracts tested in the same conditions (Maisuthisaku et al., 2006) .
ORAC assay
The peroxyl radical (ROO . ) is produced during lipid peroxidation in vivo and participates actively in its propagation (Porter, 1984) . The ORAC assay measures the capacity of an antioxidant to protect fluorescein from the attack by this free radical, generated by thermal decomposition of AAPH. This assay is therefore, similarly to the ABTS test, widely accepted to estimate the antioxidant potential of a compound by comparison to a known reference, Trolox.
According to the results shown in Table 2 , we notice a significantly higher antioxidant capacity for both aqueous fractions 3 and 5, the most potent being fraction 3. On the other hand, their organic counterparts (1, 2 and 4) exhibited comparable results especially between ethanol and ethyl acetate (p>0.5) on one hand and ethyl acetate and chloroform (p>0.5) on the other. These results corroborate those of a structure-activity study that has been carried out on phenolic compounds regarding the ABTS, ORAC and DPPH assays where it was demonstrated that the higher the number of OH groups in a phenolic compound the higher its antioxidant capacity determined by the ABTS and DPPH assays (Villano et al., 2005) . Nevertheless, the lack of a strong correlation between the ORAC and ABTS values reported by these authors and consolidated by our results (r=0.61) was explained by the fact that, in addition to the high polarity of a phenolic compound, the catechol moiety contributes greatly to the scavenging activity of peroxyl radicals which could account for the high ORAC value exhibited by caffeic acid (Table 2 ). This test is believed to be more specific than the ABTS method, considering the wider range of values found (Table 2) , in agreement with the findings of the above mentioned authors (Villano et al., 2005) .
Scavenging activity against OH radical
The formation of OH radical by the Fenton reaction is representative of the events that occur in vivo in iron-rich tissues like liver where it contributes to the initiation of lipid peroxidation (Porter, 1984) . Besides, its high reactivity can lead to DNA mutagenesis and inactivation of various proteins (Villano et al., 2005) . Therefore, the scavenging activity of this radical can be considered as one of the best indicators of the antioxidant potential of a compound. The results shown in Figure 2 indicate a dose-response increase in the capacity to quench hydroxyl radicals for all fractions, especially the highly polar ones (1, 3 and 5) with comparable IC 50 values (54.4, 56.5 and 48.4 µg/mL, respectively) (p>0.5). On the other hand, the two organic fractions prevented equally the degradation of deoxyribose (p>0.5) (IC 50 =126.7 and 128.7 µg/mL). Therefore, as appears from the present data and from previous investigations (Singh et al., 2007) , polarity seems to play a central role in the hydroxyl radical scavenging efficiency of plant extracts, related to their high content in phenol compounds with hydroxyl groups (Yang et al., 2001) . In contrast, caffeic acid exhibited a low efficiency against hydroxyl radical (IC 50 =942.3 µg/mL), even showing a pro-oxidant potential at low concentrations. In fact, caffeic acid's metal chelating character renders it capable of redox cycling of the ferrous metal ion required for hydroxyl generation (Li et al., 2000) . Similar results concerning the hydroxyl scavenging potential of caffeic acid were obtained by using electron spin resonance (Tran et al., 2000) . Moreover, it has been established that the catechol moiety found in caffeic acid enhances considerably the formation of hydroxyl radicals during the Fenton reaction (Iwahashi et al., 1989) . Later on, a kinetic study using the deoxyribose assay confirmed the pro-oxidant effect of caffeic acid beyond ten minutes of incubation (Cheng et al., 2003) .
Inhibition of microsomal lipid peroxidation
A dose-dependent inhibition of microsomal lipid peroxidation is observed (Figure 3 ) for all the fractions as well as caffeic acid, the latter (IC 50 =39 µg/mL) greatly outperforming all the C. flammula fractions. On the other hand, the IC 50 values of the organic fractions 2 and 4 (390.7 and 523.5 µg/mL, respectively) indicate their higher capacity to prevent microsomal lipid peroxidation, as predicted by previous experiments using the ferrothiocyanate (FTC) method ). In fact, it seems that the higher lipophilic character of caffeic acid and the organic fractions 2 and 4 determines their lower IC 50. This is in agreement with previous reports that demonstrated that the hydrophobic nature of a phenolic compound enhances considerably its antioxidant capacity against microsomal lipid peroxidation (Wu et al., 2007) . Furthermore, a protective and stabilizing role of the membrane assigned to such compounds was attributed to their high partition coefficients (Schroeter et al., 2000) .
However, all the C. flammula fractions have displayed a much lower efficiency against microsomal lipid peroxidation than that previously reported with the FTC method ). This can be explained by the complexity of the microsomal system which is considered to be a better bio-membrane model than a simple suspension of linoleic acid, thus allowing a more thorough understanding of the interactions between plant extracts and membrane surface. In fact, it has been suggested that antagonistic interactions between compounds in plant extracts with endogenous antioxidants such as Vitamin C and glutathione exist, thereby leading to the attenuation of their capacity to preserve the membrane from lipid peroxidation (Desmarchelier et al., 1997) .
On the other hand, fraction 5 seems to overcome the microsomal membrane barrier since it possesses an IC 50 (552.1 µg/mL) comparable to that of its organic counterpart (4) (p>0.5), with, nevertheless, a slower rate of efficiency (Figure 3) . The iron-ascorbate system used in the present study induces lipid peroxidation by the formation of hydroxyl radicals which attack the microsomal membrane, producing peroxyl free radicals that propagate a chain reaction. Therefore, a complete reduction of lipid peroxidation displayed by both watersoluble fractions (3 and 5) could be accounted for by their high anti-radical potential especially concerning peroxyl and hydroxyl radicals (Table 2 and Figure 2 ), suggesting that their constituents might be hydrophilic chainterminating antioxidants. The involvement of other constituents present in fraction 5 such as secondary antioxidants with strong reducing power in the recycling of endogenous compounds such as vitamin E may be ruled out in light of the poor reducing power of the plant extracts reported earlier .
MTT assay
The results in Figure 4a show that the crude ethanol extract exerts a pronounced dose-dependent effect on PLC (IC 50 = 58.5 µg/mL), and CHL (IC 50 = 47.3 µg/mL) cell lines, comparable to that of caffeic acid (IC 50 = 37.1 µg/mL) (p>0.5), implying that it may constitute a source of anti-cancer metabolites. However, the crude extract was less efficient on HuH7 cell line, reaching only 67% viability at the highest concentration (IC 50 =138.9 µg/mL). Caffeic acid, has demonstrated a significant effect at low concentrations ( Figure 4c ) as expected, especially on CHL cell line where it reduced viability to 20% at the highest concentration used (50 µg/mL). Again, the HuH7 cell line has shown more resistance to the action of the aqueous phase of chloroform extraction (5) and caffeic acid although less conspicuous than that observed for the ethanol fraction (1). However, the most interesting finding is that for both fractions as well as caffeic acid, an optimal concentration is reached, above which no dose-response to the high concentrations used was observed. In the case of fraction 5, higher concentrations had to be used to obtain a noticeable effect on all the cell lines ( Figure  4b ) (IC 50 =304.9, 457.7 and 469.3 µg/mL on cell lines A, B and C, respectively), indicating a low cytotoxic potential and despite having higher antioxidant activities than its ethanol counterpart with respect to almost all the previous tests. In fact, it has been established that ROS scavenging can result in the dysfunction of enzymes involved in the activation of critical signaling pathways implicated in the initiation, promotion and progression of cancer (Simon et al., 1998) .
Nevertheless, a compound with strong antioxidant potential can also be implicated in DNA protection and prevent apoptosis (Rajkumar et al., 2010) , rendering the association between antioxidant and anti-cancer activities less evident. In fact, pro-oxidant compounds such as Salograviolide A isolated from Centaurea ainetensis cause growth inhibition and apoptosis in neoplastic epidermal cells, by fragmenting their DNA (Ghantous et al., 2008) . Moreover, the hydrophilic character of a compound may hamper its interaction with the membrane where all the signal transduction pathways occur. In support of this assumption, it has been shown that caffeic acid phenyl ester has a higher efficiency against HepG2 hepatoma cell line, probably due to its higher lipophilic character (Chung et al., 2004) . Indeed, a Atmani et al. 595 structure-activity study has led to the conclusion that cytotoxic activity of phenolic derivatives is directly related as much to their antioxidant potential as to their lipophilicity which favours their better incorporation into cells (Fiuza et al., 2004) . Considering all the above mentioned studies and the fact that the ethanol crude extract exhibited very low inhibitory efficiency against lipoperoxidation (IC 50 = 821 µg/mL), we can suppose that the anti-proliferative activity of this fraction cannot be due solely to its lipophilic constituents but to a synergy between both lipophilic and hydrophilic compounds, the latter shared by fraction 5 and exhibiting some cytotoxic activity.
Total phenol content
The results shown in Table 2 illustrate the enrichment in total phenol content of the organic fractions (2 and 4), compared to their aqueous counterparts (3 and 5) which could explain the significantly higher correlations found between the amount of phenols and the inhibition of microsomal lipid peroxidation (r 2 = 0.97) than that with TEAC (r 2 = 0.84) and hydroxyl (r 2 = 0.80) where the aqueous fractions (3 and 5) exhibited greater activities. In addition to that, higher antioxidant activity exhibited by fraction 5 in most tests used in the present study may be consistent with its high extraction yield. These results strongly indicate that the antioxidant potential of the various fractions of C. flammula is largely due to their high content in phenols in accordance with many investigations concerning the antioxidant potential of plant extracts (Lizcano et al., 2010) . In contrast, regarding the ORAC assay, a much lower correlation was observed (r 2 = 0.57). This can lead to the assumption that individual phenolic compounds or antagonistic interactions between them are rather responsible for that activity. Regarding cytotoxic activity, a high correlation was found between the total phenol content and the anticancer activities against PLC and CHL cell lines (r 2 =0.7and 0.8 respectively), in contrast to the HuH7 cell line (r 2 =0.35).
Conclusion
The different polarities of the isolated fractions obtained by the selective extraction procedure adopted in this study seem to influence considerably their biofunctionality since the water-soluble fractions showed a predominant antioxidant potential greater than that of their organic counterparts. Higher activities exhibited by fraction 5 specifically plead in favour of considering it as a potential inexpensive source of antioxidant molecules despite displaying less cytotoxic activity, in contrast to the ethanol crude extract which contains both polar and non polar compounds that may act in synergy to achieve a high used chemotherapeutic agents revealed to be rather anticancer potential. Elucidation of the molecular mechanisms involved and isolation of the bioactive molecules implicated may help the development of plantderived anti-cancer drugs which can replace the clinically toxic. Therefore, further investigations need to be undertaken for full identification and characterization of the molecules responsible for antioxidant and anticancer activities of C. flammula leaf extracts.
